Background and Objectives: SGLT2 inhibitors are a new glucose-lowering therapy for type 2 diabetes. There are no recommendations for their use for patients fasting for Ramadan. Methods: We surveyed physicians regarding management of people with type 2 diabetes on SGLT2 inhibitors intending to fast for Ramadan. Results: Most of the responding 197 physicians had substantial experience with patients who fast for Ramadan, with 18.6% having 25-50% such patients, 18.2% having 50-75% and 23.6% having >75%. Most physicians were fully confident (49.4%) or fairly confident (34.4%) about diabetes management during Ramadan. Risks of hypoglycaemia (98.1%) and dehydration (83.1%) were identified more often than hyperglycaemias (67.5%), diabetic ketoacidosis (63.8%) and thromboembolic disease (45.2%). The majority felt that SGLT2 inhibitors were generally appropriate and safe during Ramadan but should be discontinued in selected patients (70.6%). Most respondents (92.2%) would advise taking an SGLT2 inhibitor with the first evening meal (Iftar), but 6.1% advised taking them before the last pre-dawn meal (Suhour). Taking extra clear fluids in the evening of Ramadan was recommended by the majority. Conclusions: This survey will help to inform interpretation of future studies towards the development of clinical guidelines for SGLT2 inhibitor use during Ramadan. The majority of physicians believe that SGLT2 inhibitors are generally safe for patients with diabetes who intend to observe Ramadan fasting, but should be discontinued for selected patients. We provide practical advice for physicians in this setting.
Introduction
SGLT2 inhibitors are a new class of glucose lowering therapy for type 2 diabetes that improves glycaemic control, with additional benefits relating to reduced weight and blood pressure. 1 Theoretical concerns have been expressed regarding potential side-effects of SGLT2 inhibitors in patients observing the Ramadan fast, particularly in relationship to dehydration, hyponatraemia and postural hypotension. Elderly patients, those fasting for long hours and those on multiple medications for hypertension may be of particular concern. The US Food and Drug Administration (FDA) has recently issued a warning regarding diabetic ketoacidosis (DKA) associated with SGLT2 inhibitor use and a review of the issue by the European Medicines Agency is in progress. 2, 3 It is not known whether the use of an SGLT2 inhibitor during Ramadan increases the risk of DKA.
Although general recommendations for diabetes management during Ramadan are available, 4 there are no data in the literature to guide the use of SGLT2 inhibitors during Ramadan. A recent international, retrospective observational study described the characteristics and management of patients with diabetes during Ramadan in 2010 and identified the need for research to explore physicians' beliefs in order to better inform evidence-based management. 5 A systematic review and meta-analysis of other diabetes therapies, including GLP-1 agonists and DPP-4 inhibitors, identified that newer agents cause less hypoglycaemia during Ramadan compared with traditional therapies such as sulphonylureas. 6 A randomised controlled trial, Treat 4 Ramadan, showed that the GLP-1 agonist liraglutide in combination with metformin was safe and effective compared with sulphonylureas during Ramadan. 7 In advance of Ramadan of 2015, we surveyed the opinions of physicians who manage patients with diabetes on the utility of SGLT2 inhibition at this time; we focused on specialists, but all practising physicians with relevant expertise or knowledge were welcome to participate. The use of SGLT2 inhibitors is expanding rapidly and, in the absence of randomised controlled trials, sharing such information within the medical community may help to guide the use of these agents. Based on our findings and a review of the literature, we present practical guidance on the use of SGLT2 inhibitors in patients with diabetes before, during and after Ramadan.
Methods
This was a professional survey of the perceptions of doctors regarding the management of patients with type 2 diabetes receiving SGLT2 inhibitor therapy who intend to fast during Ramadan. We used a widely-used web-based commercial survey management service (Survey Monkey, Palo Alto, CA, USA). The questionnaire was formulated de novo based on the objectives of the study, was provided in English only and was mainly in the form of multiple questions with extra options for comments to be added when needed (Table 1) . The target population was identified from pooled lists of delegates at recent Continuous Professional Development events, speakers, authors or members of various professional groups or forums. These events took place in various parts of the world but predominantly in the Middle East and North Africa region.
All received an initial email and subsequent reminder emails. A unique email-specific electronic link to the questionnaire was provided. Survey responses were anonymously collected, stored electronically and analysed. Repeat submissions from the same link were automatically blocked by the survey server.
Results

Characteristics of respondents
We received 235 responses, mostly from the Middle East and North Africa. Of the 223 eligible respondents, 197 consented to participate.
There were 111 specialists, of whom 62 were endocrinologists. Where grades were reported (n=162), they were mostly consultants (46.3%) and specialists (31.5%). Academics represented 13.7%.
Experience, confidence and guidelines
Respondents reported varying proportions of their patients observing the Ramadan fast: 22.4% reported 10-25% of patients, 18.6% reported 25-50%, 18.2% reported 50-75% and 23.6% reported >75%. Only 12.4% had more limited experience, with <10% of their patients observing the fast. About half (49.4%) described themselves as 'fully confident' about the management of diabetes during Ramadan, with lower proportions describing themselves as 'fairly confident' (34.4%), 'just confident' (11.7%) or 'unsure' (3.9%). Common sources of guidance were an ADA workshop report 2 (used by 54.1% of respondents) and, to a lesser extent, South Asian Guidelines 8 (9.7%). Many respondents stated that they used common sense and applied principles of good clinical practice (57.2%), their own review of the literature (45.9%) and what they learned from Continuing Medical Education activities (33.3%).
Recognition of risks during fasting
The most commonly reported risks of fasting were hypoglycaemia (98.1%), dehydration (83.1%), hyperglycaemia (67.5%), diabetic ketoacidosis (DKA) (63.8%) and thromboembolic disease (45.2%). Classifications of various clinical and drug-related scenarios into ADA workshop risk categories are provided in Table 2 . There was a poor distinction between the higher risk categories (I and II) and between lower risk categories (III and IV) for several conditions and scenarios (Table 2) .
Availability and experience with SGLT2 inhibitors
Fewer than 50% of respondents had used SGLT2 inhibitors in their patients with type 2 diabetes. Dapagliflozin was the most widely available SGLT2 inhibitor followed by canagliflozin; very few respondents had access to empagliflozin in their country or practice at the time of the survey, which corresponded with low reports of familiarity of use in the survey.
Physicians' recommendations on the use of SGLT2 inhibitors Respondents' views on the use of SGLT2 inhibitors during Ramadan were based on several sources including clinical studies (22.6%) or recommendations for use with concomitant agents such as diuretics (21.1%), in the presence of renal impairment with and without dialysis (15.8%) or in the elderly (26.3%). Some respondents admitted to not being sure of the risks (29.3%), whereas a substantial proportion of others invoked the 'safety first' rule (35.3%). A limited number of respondents (6.0%) indicated some personal experience with their use during fasting. The majority of respondents felt that use of SGLT2 inhibitors was generally appropriate and safe in the management of type 2 diabetes during Ramadan, but that they should be discontinued in selected patients who might be at increased risk of adverse effects (72%). Endocrinologists appeared to be more cautious, on average, about the use of SGLT2 inhibitors in Ramadan than non-endocrinologists (Table 3) . The actual questionnaire as used is available on request from the corresponding author.
Practical advice to patients on SGLT2 inhibitors during Ramadan Of respondents prepared to prescribe SGLT2 inhibitors in type 2 diabetes patients planning to fast during Ramadan, almost all (93.2%) expressed the need to give specific advice to patients. Only a minority (6.8%) stated that there is no need to provide specific advice and patients may take their SGLT2 inhibitor medication as usual. Almost all (92.2%) would advise patients to take the SGLT2 inhibitor with the first evening meal (Iftar), with a small minority (6.1%) advising taking the medication before the last pre-dawn meal (Suhour). There was strong support for rehydration with clear fluids during the evening after a day's fast, with 9.0% recommending taking an extra 200-250 mL, 32.0% advising 300-450 mL, 19.7% advising 500-650 mL and 22% advising 700-750 mL; 9.8% thought that no specific advice was needed. Additionally, 17.7% of respondents would advise observing colour of the urine, 8.3% advised checking their blood pressure (at home or at the clinic/surgery), 2.5% advised observing body weight and 19.8% advised patients to report if they felt dizzy or lightheaded during the daytime. Varying combinations of 2-4 of these actions were recommended by 42.3% of respondents, but 11.6% of respondents felt there was no need for any additional monitoring.
ORIGINAL RESEARCH
Of those who recommended discontinuation of SGLT2 inhibitors during Ramadan, 34.3% allowed immediate resumption after the end of Ramadan, 9.5% after a further week and 4.8% after a further two weeks. However, 25.7% would wait until the following clinic visit (with either medical or educator personnel). About one-quarter of respondents (23.8%) questioned the safety of SGLT2 inhibition during Ramadan and would re-evaluate their place in the patient's management plan on an individual basis on their return to clinic.
Discussion
We believe that this is the first survey to explore physicians' perspectives of SGLT2 inhibitor use during Ramadan. The results of the survey indicate that some, but not all, of the risks of fasting in Ramadan are recognised by specialists providing diabetes care and few respondents had experience with use of SGLT2 inhibitors during fasting. There were widespread differences in the risk categorisation and medical advice provided to patients on SGLT2 inhibitors regarding adequate rehydration and monitoring for complications. Specialists did not provide consistent advice about ongoing treatment with SGLT2 inhibitors after Ramadan to patients.
Older therapies such as sulphonylureas are known to increase hypoglycaemia in fasting patients during Ramadan, 9 while SGLT2 inhibitors are associated with less hypoglycaemia. hSGLT2 inhibitors are equally effective with sulphonylureas in terms of glycaemic control when added to metformin in head-to-head studies, and provide reductions in weight and blood pressure. 10, 11 However, SGLT2 inhibitors are also associated with dehydration, postural hypotension, and urinary tract and mycotic fungal genital infections in significant numbers of patients. These sideeffects can be minimised by precautions such as maintaining adequate fluid intake, good hygiene and use in appropriate patients. The recent statement from the FDA on the association of SGLT2 inhibitors with euglycaemic DKA in type 2 diabetes must also be remembered when prescribing these agents. 2 Fasting during Ramadan is associated with an increased risk of medical complications. It is essential that clinicians are aware of these risks when managing patients with type 2 diabetes in order to reduce morbidity and hospitalisation. Patients observing Ramadan who are on new glucose-lowering therapies such as SGLT2 inhibitors need to be given consistent and evidence-based advice on their known side-effects and how to avoid them. In addition, patients must be supported by trained healthcare professionals with adequate and individualised preparation for After Ramadan:
Key messages
• Review the patient in clinic or surgery with 4-6 weeks after Ramadan (review)
• Appraise the experiences and outcomes • Review the risk/benefit ratio of the class on an individual basis • Review the need or otherwise for an SGLT2 inhibitor and decide on continuation/resumption or discontinuation fasting during Ramadan, using written management plans that include guidance on treatment after fasting. The results of this survey, along with randomised controlled trials and head-to-head studies with other glucose-lowering therapies, will help to inform the evidence base for preparing appropriate clinical guidelines in patients on SGLT2 inhibitors who choose to fast during Ramadan (Box 1).
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